Replicate lines from two wild-caught populations of D. melanogaster were selected for fast, intermediate or slow development times. After 36 generations of selection, the average time to the first emergence of adults was about half a day less in lines selected for fast development than it was in the other lines. Polymorphisms for Adh and six chromosome inversions were monitored during the course of selection. Average Adh F allele frequencies become higher over the 36 generations in lines selected for fast development than in other lines. Collating this result with earlier reports, an association with development time has now been found for three enzyme polymorphisms in laboratory D. melanogaster populations selected for rapid development. Allele frequencies at all three loci show latitudinal dines in natural populations, as does development time, and for each of the three polymorphisms the allele associated with rapid development in the laboratory selection lines is also associated with rapid development in the latitudinal dines. This suggests that development time selection may contribute to the latitudinal dines for the enzyme polmorphisms. The frequencies of four inversions showing latitudinal dines generally decreased during the experiment, while two inversions not showing latitudinal dines generally persisted or increased in frequency. Only one inversion, In(3R)Mo, showed clear differences in response among different development time regimes and this inversion does not show a latitudinal dine. There was thus no evidence that geographic patterns in inversion frequencies are the result of development time selection.
INTRODUCTION
Large scale latitudinal dines have been reported in the frequencies of four common chromosome inversions and alleles at six polymorphic enzyme loci in natural populations of D. melanogaster (e.g., Knibb, 1982; Oakeshott et a!., 1984b) . It is difficult to explain the consistency of these dines across continents except by the action of natural selection (Anderson and Oakeshott, 1984; Anderson et al., 1987) . However, laboratory experiments have generally failed to elucidate specific mechanisms of selection operating on such polymorphisms t Present address: CSIRO Division of Entomology, P.O. Box 1700, Canberra ACT 2601, Australia. (Oakeshott et a!., 1985; Eanes et al., 1985 and references therein).
These laboratory experiments commonly involve monitoring experimentally perturbed inversion or allele frequencies in wild-caught populations kept in different environments. Two patterns of results often obtained are the rapid elimination of the inversions from the populations and the restabilisation of the enzyme allele frequencies around values characteristic of the original wild-caught populations (e.g., Lewontin, 1958; Inoue, 1979; Carfagna et a!., 1980; PalabostCharles, 1982) . Moreover, essentially the same results are often obtained in all the environments tested, despite the imposition of some relatively severe stresses, including , in relation to the enzymes, regimes which should impinge directly on the functions of the specific enzymes tested (e.g., extremes of substrate concentration; Zera et aL, 1983 for a review). Despite the different results for the inversions and enzymes, it seems that both patterns may be due to selection, but not to selection imposed directly by the specific external environments compared.
Various alternative explanations have been offered for the laboratory behaviour both of the inversions and of the enzyme polymorphisms.
Although differing in other respects, one proposition common to most of these explanations is that the interactions of genes with one another may be as influential as their interactions with the external environment in determining the selective pressures on polymorphism. The important genetic interactions proposed may derive from gametic disequilibrium among linked genes (Lewontin, 1958; Mukai and Yamazaki, 1980; Yamazaki et aL, 1983) or from biochemical interactions among gene products, in so much as the physiological environment in which each gene's product functions depends closely on the products of other genes (Oakeshott et aL, 1984a (Oakeshott et aL, , 1985 .
Many studies have now documented selective effects of the genetic background on particular polymorphisms due to their gametic disequilibrium with linked genes (e.g., Powell, 1973; Barnes, 1983) . This paper is more concerned with background effects due to physiological interactions among gene products, an area which has so far received less attention. Our approach, based on experiments with D. melanogaster by van Delden and Kamping (1979) and Cavener (1983), has been to monitor changes in inversion and allozyme frequencies during selection on a major fitness character. The character chosen for study was development time, because it is the outcome of many metabolic and developmental processes, selection on which may significantly affect the physiological environment (Church and Robertson, 1966; Cluster et a!., 1987) . Moreover, the character displays polygenically inherited latitudinal variation in both D. melanogaster and D. subobscura; development in standard laboratory conditions is slower in populations collected from close to the equator than it is in populations from higher latitudes (McFarquar and Robertson, 1963; Cavener, 1983) . Van Delden and Kamping (1979) and Cavener (1983) have already presented some evidence that selection for faster development may affect allele frequencies for three enzyme polymorphisms in D.
melanogaster (Adh, Gpdh and 6Pgd). Furthermore, in all three cases the allele associated with fast development was also the allele found at higher frequencies in natural populations living at higher latitudes. The directions of these effects are thus consistent with the hypothesis that selection on these three polymorphic enzymes is related to their physiological environments as assessed by development time.
Our experiment further tests this hypothesis by monitoring the frequencies of several inversions and alleles at one enzyme locus in populations of D. melanogaster selected for fast, intermediate and slow development times. Some of the inversions monitored show latitudinal dines while others do not (Knibb, 1982) . The enzyme polymorphism monitored is Adh (alcohol dehydrogenase), allele frequencies for which were associated with development time in the experiment of van Delden and Kamping (1979) but not in that of Cavener (1983) . MATERIALS 
AND METHODS
Over 400 D. melanogaster were collected from each of two localities, Cleveland and Ipswich, situated about 55 km apart at 28°S, 153°E in eastern Australia. Thirty six isofemale lines were established from wild-caught females from each locality.
About 300 other wild-caught flies from each population were scored for the polymorphic F and S Adh allozymes by the methods of Lewis and Gibson (1978) . About 50 gametes from each population were screened for chromosomal inversions by scoring the polytene karyotypes of the progeny of wild-caught males mated to females of a standard sequence laboratory stock (Knibb, 1982) .
The 36 isofemale lines from each locality were combined by adding 12 inseminated first generation females from each line to a large population cage. Twelve selection lines were then founded by leaving six smaller cages open in each of the two large cages. Each smaller cage measured 21 x 21 x 8 cm high and five 50 ml food cups were attached to each (food recipe as in Oakeshott et aL, 1983) except that agar concentration was 0-8 per cent and yeast 12 per cent). After 5 days each smaller cage was emptied of adults, sealed and removed. Of the six selection lines for each locality founded in this way, two each were randomly assigned to Fast, Intermediate and Slow development time selection regimes.
The three selection regimes were established by only using progeny emerging as adults during the first 3, 4th through 6th, and 7th through 9th days of emergence, respectively, as parents for the following generation. These parents were transferred to fresh small cages as soon as they were collected and removed 5 days later. Such selection was continued for 36 consecutive generations at 22 2°C. The average numbers of parents used in each selection line in each generation after the first were 742 for the Fast, 550 for Intermediate and 530 for the Slow selection regimes. Adh allele and inversion frequencies were estimated after 12, 24 and 36 generations of selection, with an average of 625 alleles scored for Adh and 53 gametes for inversions in each line at each scored generation.
The statistical methods of Wilson and Oakeshott (1985) were applied to the frequency data to estimate the various selection coefficients operating on the Adh and inversion genotypes. In the analysis below each selection line is denoted by a three symbol code (1, d, r) definingthe locality from which it originated (1 = Cleveland, Ipswich), the development time regime to which it was Two other paracentric inversions were recorded at polymorphic frequencies (>1 per cent)
in either or both of the initial Cleveland and Ipswich collections. These were the rare cosmopolitan In(3R)C and In(3R)Mo inversions, which have been reported at low frequencies in many populations world-wide and do not show latitudinal dines (Knibb, 1982) . The dynamics of these inversions during the experiment differed markedly from those of the four common cosmopolitans ( fig. 3) Wilson and Oakeshott (1985) and their applications to analogous data sets are given in Oakeshott et al. (1984a Oakeshott et al. ( , 1985 and references therein. In the present experiment the selection The polymorphisms on the 2L, 2R and 3L arms each comprised just two arrangements, St versus In (2L) t, In (2R) NS and In (3 L)P respectively. However, it was necessary to pool the frequencies ofthethree3R inversions (In(3R)P, In(3R)C and In(3R)Mo) because there were insufficient data to estimate individual selection coefficients for all ten 3R genotypes possible. In view of the differences in the dynamics of the 3R inversions, it was difficult to interpret this particular analysis.
Deviance values were calculated for six different models of selection on each of the five polymorphisms analysed. The deviance indicated the goodness of fit of each model to the observed frequency dynamics. The difference in deviance between two models differing by only a single factor indicated the improvement in fit due to fitting different s and I values according to that factor. The significance of the improvement in fit was straightforward to assess because the deviance difference was distributed as a x2 with degrees of freedom given by the difference in the numbers of separate s and t values fitted in the two models.
The simplest model was a neutral one (0, 0, 0) in which s and t were set at zero in all lines. The The magnitudes of the deviances and their differences were positively correlated with the effective population size assumed in the model fitting (because random effects were less able to explain the observed frequency dynamics).
However, the observed population sizes were known (see Materials and methods) and the ratio f of effective to observed population size, was estimated by the Monte Carlo simulation methods of Wilson and Oakeshott (1985) . Simulations were carried out separately for two polymorphisms, Adh and In(2L)t, and both sets suggested that the 95 per cent confidence limits of fwere 005 and O30. The analyses below are carried out for bothf =O05 and f=0.30, as well as for their mean,f=0.175.
For Adh, table 1 shows that no model gave a significant deviance decrease at f0.05 but two models, (,.,.) and (.,d,.) , did so at f= O175 and a third (I, d, .) was also significant atf= 030. The (., ., .) model represented selective effects on Adh common to all lines but was difficult to interpret because of the significance of the other two, more complex models. Thus, the (,d,.) model For In(2L)t and In(3L)P, the only significant model apart from (., , ) was (1, d, r), which implied some variation in selection among replicate lines. However this variation was only significant atf= 030. For In(2R)NS, the (4 ., .) and (4 d,.) models were significant at both f=0.175 and at f= 03O. These effects could be attributed then the only model still significant was (, , Lastly, it was possible that Adh frequency changes were in part the result of "hitch-hiking" with the linked fn(2L)t (Knibb, 1983 (Cavener, 1983) . All three systems show latitudinal dines and in each case the allele associated with faster development becomes more frequent at higher latitudes (Oakeshott et a!., 1984b) . The directions of the dines are thus consistent with the relationships between the particular alleles and development time, given that populations collected at high latitudes show faster development times in standard laboratory conditions than do those from lower latitudes (McFarquar and Robertson, 1963; Cavener, 1983) . The present Adh results therefore support the proposition put forward in the Introduction that the developmental time and enzyme dines may be causally associated. We suggest that in some part the physiological basis for such a causal connection may relate to known differences in the respective enzyme activity levels among the Adh, Gpdh and 6Pgh genotypes (Oakeshott and Gibson, 1981; Cavener and Clegg, 1981; Palabost-Charles, 1982) . Cluster eta!. (1987) have recently shown that selection for rapid development leads to increased ADH and GPDH enzyme activity levels (they did not study 6PGD). This concurs with the increased frequencies of the high activity ADH F and GPDH S allozymes associated with rapid development in the studies of van Delden and Kamping (1979), Cavener (1983) and ourselves. ADH, GPDH and 6PGH activity levels all affect in vivo rates of fatty acid synthesis (Cavener and Clegg, 1981; Geer et a!., 1983 Geer et a!., , 1985 Geer et a!., , 1986 and such a central metabolic pathway may well be relevant to variation in development time.
There was unequivocal evidence for selection on the four common cosmopolitan inversions in the selection lines. The frequency of each inversion decreased steadily and analyses of deviance showed statistically significant selection in favour of standard sequence homozygotes, even at the lower 95 per cent confidence limit of effective population size. However, there was little evidence that the selection on the common cosmopolitans differed according to development time regime.
Unlike the four common cosmopolitans, the other two polymorphic inversions found in the selection lines do not show latitudinal dines in natural populations (Knibb, 1982) . And these two inversions, In(3R)C and In(3R)Mo, also differed markedly from the common cosmopolitans in their dynamics during the course of our experiment.
While initially rarer than the common cosmopolitans, In(3R)C and In(3R)Mo generally persisted or increased in frequency over the 36 generations of selection. Thus both the field and laboratory evidence indicate qualitatively different forms of selection operating on the two types of inversion.
Although there are no latitudinal dines for In(3R)C and In(3R)Mo to explain in terms of development time selection, the dynamics of contrasts the evidence available for the three enzyme polymorphisms discussed above; allele frequencies at all three loci responded differently to development time selection and in all three cases the directions of the differences are consistent with the directions of their latitudinal dines.
It is not clear why the enzyme and inversion polymorphisms should differ in this respect but it is clear that further work is needed to substantiate the difference. It will be important to screen for development time associations among other enzyme polymorphisms either showing latitudinal dines (e.g., Est6, G6pd, Odh) or latitudinal homogeneity of allele frequencies (e.g., Pgm; Anderson and Oakeshott, 1984; Oakeshott et a!, 1984b) . If the enzyme dines are indeed the result of latitudinally varying development time selection, then development time associations should not be found for the latitudinally invariant systems. However, they should be observed for the clinally varying polymorphisms and in particular, as has been found for Adh, Gpdh and 6Pgd, the alleles which increase in frequency further from the equator should be associated with 'more rapid development.
